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Abstract 
The precast concrete structures are very popular for many construction designers. The appropriate design and performance of 
structural joints are essential preconditions for durability and effectiveness of this type of structures. Headed fastenings made of 
rebar steel appertain currently to the attractive solution for creating compact structural joints. The resistance of this type of 
anchors can be increased by using supplementary steel reinforcement. Our research and studies, focused on headed fastening and 
supplementary reinforcement, are briefly described. The experimental research is then discussed in the paper. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of organizing committee of the XXIV R-S-P seminar, Theoretical Foundation of Civil 
Engineering (24RSP) 
Keywords:Headed anchor; Supplementary reinforcement; Failure modes; Load transfer. 
1. Introduction 
The design and performance of structural joints form crucial part of preconditions for durability and effectiveness 
of structures. Currently, many types of fastening systems are used in precast building structures as part of joints. One 
of the most challenging tasks is to develop the tension or moment resisting structural joints. The requirements for 
high load capacity prefer to use headed fastenings for this purpose. Headed fastenings are made from rebar or 
smooth steel and heads are forged at a high temperature.  Individual anchors can by welded on steel plates, thus 
creating the fastening plates. This type of anchors currently represents a relatively popular technique to create joints 
in composite and precast reinforced concrete structures because it is more compact and resistant than other available 
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systems on the market.  The design and detailing of fastening systems may be complicated in some special cases. 
Available approaches could be used for designing of headed fastenings, especially the CEN/TS 1992-4-2 [1] and 
document INFASO [3]. The research focused on headed fastening, supplementary reinforcement and transfer of the 
load from anchor to concrete has been executed at the Faculty of Civil Engineering, University of Žilina. 
2. Research significance 
The aim of our research should be a better understanding of the headed anchors behaviour subjected to tensile 
load and identification of some the factors influencing the fastening capacity. Performance of fastening usually 
depends on load capacity of the concrete surrounding the anchor. The resistance of the fastening may be increased 
by using the supplementary reinforcement, designed in order to prevent or delay the formation of concrete cone [6]. 
The supplementary hanger reinforcement can be used in form of hooks, loops or stirrups. In this part of work we 
tried to identify the contribution of supplementary reinforcement to resistance and load-displacement behaviour of 
fastening. We also investigated the stress in supplementary reinforcement during the tensile test of an anchor. The 
study was focused on determination of this type of reinforcement contribution that generally can be taken into 
account too conservatively.  
3. Design procedures 
In the scope of Eurocodes, the design of fastenings is regulated by the technical specifications that are published 
by European Committee for Standardization. Technical specification CEN/TS 1992-4-2 (Design of fastenings for 
use in concrete - Part 4-2: Headed Fasteners) was developed for design of headed fastenings. The CEN/TS 1992-4-2 
defines a set of verifications for different failure modes of headed fasteners loaded in tension and shear. This guide 
provides method for the design of anchors according to the CC Method, including anchorages with supplementary 
reinforcement. The CC Method proposed by Fuchs, Farrow and Kligner, is based on a model corresponding to the 
formation of a concrete cone in the shape of a pyramid with a square base that is created during the tensile loading 
of fastener[5]. Document INFASO (Innovative Fastening Solutions between Steel and Concrete) is a result of 
European project focused on development of mechanical models based on the component method describing the 
behaviour of steel-to-concrete joints. The component method allows a detailed optimization of joints. 
4. Failure modes 
The resistance of fastener, or group of fasteners, is determined in view of the different failure modes. The load 
capacity of a fastener is governed by its geometry, position in concrete member and material properties of concrete 
and steel. Non-reinforced anchorage typically exhibit five possible failure modes in the case of tensile loading[7]. 
Those consist of the following: 
Steel failure of fastener - represents an upper limit on the achievable load-carrying capacity of an anchor. (fig. 
1a), 
Pull-out failure  - can occur in the case of headed fastenings if mechanical interlock between the head of 
an anchor and surrounding concrete is insufficient, (Fig. 1b), 
Splitting failure  - can occur when the dimensions of concrete member are limited, or group of anchor is 
installed in line, close to each other, (Fig. 1c), 
Blow-out failure  - is typical for headed anchors with large embedment depth located near an edge of a 
concrete member, (Fig. 1d), 
Concrete cone failure  - is the most frequently forthcoming failure mode of cast-in-place anchors. The concrete 
cone failure mode is characterised by the formation of the cone-shaped fracture surface 
in concrete member with slope of approximately 35°,  (Fig. 1e). 
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Fig. 1. Headed anchor without supplementary reinforcement – failure modes. 
The resistance of a fastening system is, due to concrete cone failure, obtained from the capacity of one anchor 
without influence of concrete member edges. In such conditions, the characteristic resistance of this single anchor 
according to CEN/TS 1992-4-2 [1], is 
5,1
,
0
, .. efcubeckcrcRk hfkN     (1) 
where:  
kcr -  factor taking into account the influence of load transfer mechanisms for applications in concrete as a 
function of concrete situation, especially concrete with or without  cracks,  
fck,cube - characteristic cubic compressive strength of concrete,  
hef - effective embedment depth of fastening in concrete. 
In order to increase the resistance of the fastening against the concrete cone failure, a common practice is the use 
of supplementary reinforcement around the fastening. After the concrete cone crack surface is formed, the 
reinforcement acts on keeping the concrete cone and member together. So, the supplementary reinforcement 
prevents the formation of a classical concrete cone, and therefore two new failure modes may occur: 
Steel failure of supplementary reinforcement   (fig.2a) 
Anchorage failure of the supplementary reinforcement  (fig.2b) 
 
 
Fig. 2. Failure modes of supplementary reinforcement. 
The characteristic value of resistance of an anchor with supplementary reinforcement is determined by the 
smaller of the two failure loads. The resistance related to the steel failure of reinforcement is defined as follows: 
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where: 
n - number of legs of supplementary reinforcement;  
As  - cross section area of one leg of the supplementary reinforcement;  
fyk -  characteristic yield strength of the supplementary reinforcement. 
 
Determination of resistance of a fastening system, due to anchorage failure of the supplementary reinforcement, 
follows from the normal considerations of reinforcement bond length. This resistance is according to CEN/TS 1992-
4-2[1] defined as: 
¦ 
n
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,    (3) 
where: 
 l1 -  anchorage length of the supplementary reinforcement in the assumed failure cone;  
ds- diameter of the reinforcement bar;  
fbd-  design bond strength according to EN 1992-1-1 [4];  
α- factor that takes into account the effect of the shape of the reinforcement (α=0.7 – for hooked bars). 
 
5. Experimental investigation 
The objective of laboratory tests is to experimentally determine the resistances and failure modes of the headed 
anchors with and without supplementary reinforcement and explain the transfer of the load from the anchor to the 
supplementary reinforcement.  The results of tests were compared to methodology used in CEN/TS 1992-4-2. 
Two specimens with square cross-section and length of 1500 mm were cast for determining the load-carrying 
capacity of the short headed fastenings in concrete members. One headed anchor was cast in specimen without 
supplementary reinforcement, in the second specimen, there was cast headed anchor with supplementary 
reinforcement in the form of stirrup. Moreover, there were installed the strain gauges on all the legs of 
supplementary reinforcement. The test procedure was chosen in such a way to correspond, as much as possible, to 
requirements of ETAG 001 Metal fastenings to concrete. The fastenings were connected to hydraulic jack through 
the specially articulated joint. Displacements, as well as load were measured continuously during the test. The test 
setup and geometrical scheme of specimens are presented in Figure 3.  
 
 
Fig. 3. The test specimens and the test setup. 
6. Evaluation of the tests and conclusions 
The specimen without supplementary reinforcement (A) has failed in a brittle manner, by the concrete cone 
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failure. On the contrary, the specimen with stirrups close to headed fastening (B) has failed by the combination of 
crushing of concrete under the head of anchor and the failure of reinforcement. The load-displacement behaviour of 
both specimens during the test is presented in figure 4a. The test results were compared to characteristic values of 
resistance obtained based on methodology used in CEN/TS 1992-4-2. Figure 4b shows the ratio between the 
ultimate test load and calculated resistance of fastening. 
 
Fig. 4. (a)Load-displacement curves (b) ratio between the ultimate test load and the calculated fastening resistance. 
Strain gauges installed on the legs of supplementary reinforcement, clarified the load transfer from the headed 
anchor to the supplementary reinforcement. Figure 5, presents the increase of loading and contribution of 
supplementary reinforcement and concrete for the load transfer from the anchor to the concrete member in the 
individual load steps. For the low levels of the load, it can be concluded that the part of the load is transferred by the 
concrete around the fastening. When the load increases, the crack is opened and the supplementary reinforcement 
takes over the main part the load. 
 
Fig. 5. Redistribution of load. 
Experimental investigation has shown the great importance of the presence of the supplementary reinforcement. 
The supplementary reinforcement prevents or delays the development of concrete cone failure and changes the 
failure mode from brittle to more ductile. It has been demonstrated also that the values of the resistance according to 
(1) are very conservative for certain types of headed anchors cast together with supplementary reinforcement. A 
more comprehensive testing program has already been undertaken in order to develop a database of test results that 
will be used to validate the design values of tensile resistance of short headed anchors. Further research is planned in 
order to cover a larger field of applications. 
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